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© A conductive connecting structure for electrically 
connecting first and second electronic parts (1, 9) 
each having a plurality of connecting terminals (8, 
16) arranged at a small pitch is disclosed. A conduc- 
tive bonding agent (17) is interposed between the 
plurality of connecting terminals of the first and 
second electronic parts (i, 9). The conductive bond- 
ing agent (17) is prepared by mixing a plurality of 
fine connecting particles (21) in an insulating adhe- 
sive (22). Each fine connecting particle (21) is de- 
signed such that a fine insulating particle (18) with a 
plating layer (19) formed on its surface is covered 
with an insulating layer (20) consisting of a material 
which is broken upon theimocompression bonding. 
When the conductive bonding agent (17) is sub- 
jected to thermocompression bonding between the 
connecting terminals (8, 16) of the first and second 
electronic parts (1 , 9), portions of the fine connecting 
particles (21) which are urged by the respective fine 
connecting terminals (8, 16) are broken. However, 
the insulating layers (20) of the fine connecting par- 
ticles (21) in the planar direction are not broken and 
remain as they are. In this conductive connecting 
structure, even if the ratio of fine connecting par- 
ticles (21) is increased, and adjacent fine connecting 
particles (21) are brought into contact with each 



other, insulating properties can be kept in the planar 
direction, while conduction is obtained only in the . 
direction of thickness. 
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CONDUCTIVE CONNECTING STRUCTURE 



The present invention relates to a conductive 
bonding agent and a conductive connecting struc- 
ture. 

Various known methods are employed to elec- 
trically connect connecting terminals, which are 
spaced apart from each other, together. Soldering 
is one of the most commonly used methods for 
such a work. In order to satisfy a recent demand 
for a decrease in pitch of connecting terminals, the 
soldering techniques have been greatly improved. 
With the most advanced equipment and the great- 
est possible care, soldering can be applied to con- 
nection terminals at a pitch of about 200 urn. 
However, the drawbacks of this method are that 
connecting terminals must have a wettability for 
soldering and hence must be made of at least 
conductive metal films, and that heat-resistant in- 
sulating boards need to be used because of high- 
temperature bonding. These conditions raise the 
costs of materials. 

A method using a conductive adhesive is 
known as a method of connecting the connecting 
terminals formed on an inexpensive resin board to 
an electronic part. In this method, however, a con- 
ductive adhesive must be accurately positioned 
and put on each connecting terminal. Hence, this 
method is very inefficient. In addition, since inter- 
vened portions between the connecting terminals 
are not coated with adhesive, i.e., impossible to be 
bonded, only the connecting terminals are bonded 
with extremely low bonding strength, thereby re- 
inforcing means for increasing the bonding strength 
is required. For this reason, the bonding portions 
occupy a large volume. In addition to these 
drawbacks, when the pitch of connecting terminals 
becomes 200 to 300 urn or less, the frequency of 
short circuit and conduction failure is increased due 
to positioning with poor precision accompanying 
connecting operations. 

As another conventional technique, a method 
using an anisotropic conductive adhesive is avail- 
able, which is relatively close to the principle of the 
present invention, in comparison with the above- 
described method. An anisotropic conductive adhe- 
sive is obtained by dispersing fine conductive par- 
ticles in an insulating adhesive. When the connect- 
ing terminals of a board are to be connected to the 
connecting terminals of an electronic part by using 
the anisotropic conductive adhesive, the adhesive 
is coated not only on the connecting terminals 
formed on the board and the electronic part, but 
also on intervened portions of the board and the 
electronic part between the connecting terminals. 
When the connecting terminals of the board and 
those of the electronic part are bonded together 



with the anisotropic conductive adhesive with heat 
and pressure, the respective fine conductive par- 
ticles and the insulating adhesive located at the 
connecting terminals partially flows to intervened 
s portions between the connecting terminals. The 
connecting terminals of the board and the elec- 
tronic part are brought into direct contact with the 
fine conductive particles. In this case, if the respec- 
tive fine conductive particles even after they flowed 

10 to intervened portions between the connecting ter- 
minals, are located to be sufficiently separated 
respectively, so as not to make contacts each 
other, the connecting terminals formed on the 
board and the electronic part are free from short 

15 circuit That is, an anisotropic conductive adhesive 
is an adhesive which has an electric conductivity in 
the direction of thickness and insulating properties 
in the planar direction, i.e., has a directional electric 
conductivity. USP 4,113,981 and QB 2068645 A dis- 

20 close such anisotropic conductive adhesives. and 
may be referred to for easy understanding thereof. 

Since this anisotropic conductive adhesive con- 
tains a material, as an insulating adhesive, which 
melts at a relatively low temperature of 100 to 

25 200 'C. it can be applied to a resin board. In 
addition, when the anisotropic conductive adhesive 
is to be coated on the connecting terminals of a 
board, no accurate positioning work is required, 
and hence an effective operation can be per- 

30 formed. Moreover, since the adhesive is also inter- 
posed between the connecting terminals, the bond- 
ing strength can be increased. 

As described above, it is absolutely essential 
for an anisotropic conductive adhesive to exhibit 

35 conductivity in the direction of thickness and in- 
sulating properties in the planar direction. In order 
to obtain conductivity in the direction of thickness, 
at least (theoretically) one fine conductive particle 
must be interposed between each connecting ter- 

40 minal of a board and a corresponding connecting 
terminal of an electronic part. In order to obtain 
insulating properties in the planar direction, every 
fine conductive particle is ideally separated from 
adjacent particles by insulating adhesive filled up 

45 thereof, so as not to be electrically conductive to 
each other. A part of adjacent fine conductive par- 
ticles is allowed to make contacts each other, pro- 
vided all of them are insulated from the adjacent 
connecting terminals. However, there is no guar- 

so antee that every conductive particle is insulated 
from the adjacent connecting terminals. Therefore, 
the anisotropic conductive adhesive needs to have 
a structure allowing no conduction between any ■ 
adjacent fine conductive particles. 

In an anisotropic conductive adhesive, how- 
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ever, the arrangement of fine conductive particles ~ 
dispersed in an insulating adhesive is determined 
simply by the manner of stirring. For this reason, 
the distribution of the fine conductive particles in- 
evitably becomes nonuniform, having dense and 5 
sparse portions. Therefore, such an anisotropic 
conductive adhesive can be used, provided that 
fine conductive particles in a dense portion are not 
conductive each other and at least one fine con- 
ductive particle is positioned to one connecting w 
terminal in a sparse portion. 

In proportion to a decrease in pitch of connect- 
ing terminals, and hence a decrease in width of 
each connecting terminal, the above-described 
conditions become more difficult to satisfy. The 15 
number of fine conductive particles located" on one 
connecting terminal is decreased with a decrease 
in width of the connecting terminal. If the ratio of 
fine conductive particles mixed in the insulating 
adhesive is increased in order to increase the num- 20 
ber of fine conductive particles located on each 
connecting terminal, the density of fine conductive 
particles in each dense portion is further increased. 
As is apparent, if intervened portions between con- 
necting terminals, in the dense portions, are filled „ 25 
with fine conductive particles, the circuit is shorted. 

Because of the above-described structure and 
function, the connecting method using an an- 
isotropic conductive adhesive is theoretically ap- 
plicable to the connection of connecting terminals 30 
at a pitch several times the diameter of a fine 
conductive particle. In practice, however, the actual 
application of this method is far from the theoretical 
assumption. If, for example, fine conductive metal 
particles each having a diameter of about 10 to 20 35 
jxm are used, the pitch of connecting terminals can 
be only reduced to 200 to 300 tim. In this case, the 
mixing ratio of the fine metal particles is about 15% 
in weight ratio. As Long as this method is em- 
ployed, practically as well as theoretically, an an- 40 
isotropic conductive adhesive cannot be applied to 
the connection of connecting terminals having a 
pitch smaller than the diameter of a fine conductive 
particle. 

The present invention has been made in con- 45 
sideratipn of the above situation, and has as its 
. object to provide a new and improved conductive 
connecting structure, in which, low-temperature 
bonding of connecting terminals can be performed 
so as to allow the use of any wiring materials and 50 
board materials, and which can be applied to the 
connection of connecting terminals having a pitch 
much smaller than that of connecting terminals in a 
conventional structure. 

In order to achieve the above object, according 55 
to the present invention, there is provided a con- 
ductive connecting structure comprising a first con- 
necting terminal, a second connecting terminal ar- 



ranged to oppose the first connecting terminal, a 
plurality of fine connecting particles interposed be- 
tween the first and second connecting terminals, 
each of the fine connecting particles including a 
fine particle having an electric conductivity at least 
in a surface thereof, and an insulating layer consist- 
ing of a material having a relatively low melting 
point and covering substantially the entire surface 
of the fine particle, and an insulating adhesive filled 
in a gap between . the first and second connecting 
terminals, wherein only portions of the insulating 
layer covering the surface of each fine particle 
which oppose the first and second connecting ter- 
minals are broken, and the first and second con- 
necting terminals are electrically connected each 
other through the particle exposed from the broken 
portions. 

These and other objects and features of the 
present invention will be better understood from the 
following detailed description taken in conjunction 
with the accompanying drawings, in which: 

Fig. 1 is an enlarged sectional view showing a 
main portion of a structure in which a liquid 
crystal display panel and a film board are con- 
nected to each other by using a conductive 
bonding agent of the present invention; 
Fig. 2 is an enlarged sectional view of a main 
portion of the structure in Fig. 1, showing a 
bonding state of connecting terminals by means 
of the conductive bonding agent: 
Fig. 3 is a plan view for explaining a conductive 
function of the conductive bonding agent in Fig. 
2; 

Fig. 4 is a side view showing a process of 
coating the conductive bonding agent on a 
transfer sheet; 

Fig. 5 is a sectional view showing a process of 
transferring the conductive bonding agent of the 
transfer sheet onto the film board; 
Fig. 6 is a sectional view showing a state 
wherein the conductive bonding agent is trans- 
ferred on the film board; 

Fig. 7 is an enlarged sectional view showing a 
main part of a state wherein the conductive 
bonding agent is coated on the transfer sheet; 
Fig. 8 is an enlarged sectional view showing a 
main part of a liquid crystal display panel using 
the conductive bonding agent; and 
Figs. 9 to 12 are enlarged sectional views re- 
spectively showing conductive connecting struc- 
tures according to other embodiments of the 
present invention. 

(Basic Constitution of the Invention) 

The problem of an anisotropic conductive ad- 
hesive is that the ratio of fine conductive particles 
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which can he mixed in an insulating adhesive can- 
not be set to exceed a predetermined value in 
order to electrically insulate the fine conductive 
particles from each other. Therefore, if it is guar- 
anteed that the fine conductive particles are not 
electrically connected to each other, the above 
problem can be solved. That is, by sufficiently 
increasing the ratio of fine conductive particles, a 
sufficiently large number of fine conductive par- 
ticles necessary for conduction can be positioned 
on each connecting terminal, no matter how small 
the. width of each connecting terminal becomes. 
Furthermore, in this case, no matter how densely 
fine conductive particles are distributed between 
connecting terminals, connecting terminals are free 
from short circuit as long as the fine conductive 
particles are not electrically connected to each 
other. 

A conductive bonding agent used in a conduc- 
tive connecting structure of the present invention 
includes fine connecting particles to be mixed in an 
insulating adhesive. Each fine connecting particle is 
designed such that a conductive film is formed on 
the surface of fine insulating particle, and the sur- 
face of the conductive film is coated with a resin 
layer so as to electrically insulate it from the out- 
side entirely or partially. In this case, to electrically 
insulate the surface of the conductive layer from 
the outside entirely or partially is to prevent con- 
duction between the conductive films of the fine 
connecting particles. Therefore, the fine connecting 
particles of the present invention exhibit the above- 
described function. 

If electrical conduction in the direction of thick- 
ness of such a conductive bonding agent can be 
achieved, such a conductive connecting structure 
can be applied to connecting terminals which are 
arranged at any small pitch. For this purpose, the 
resin layer of each fine connecting particle of the 
present invention is composed of a low-melting 
material, and is designed such that a portion in the 
direction of thickness is broken due to a ther- 
mocompression force acting on the bonding agent, 
and a portion in the planar direction remains. 

Because of the fine connecting particles in- 
cluded in the conductive bonding agent, therefore, 
the conductive connecting structure of the present 
invention has conductivity in the direction of thick- 
ness of the bonding agent, but has. insulating prop- 
erties in the direction in which the fine connecting 
particles are arranged, i.e., the planar direction 
after it is connected by means of a thermocom- 
pression bonding jig or the like. 

(Embodiments) 

Embodiments of the present invention will be 



described below with reference to the accompany- 
ing drawings. 

Fig. 1 shows a conductive connecting structure 
applied to the connection between a liquid crystal 
s display panel and a film board by means of a 
conductive bonding agent of the present invention. 
A liquid crystal display panel 1 is designed such 
that transparent electrodes 4 arid "5 consisting of 
ITO (Indium Tin Oxide) or the like are formed on 

io the opposite surfaces of a pair of upper and lower 
glass boards 2 and 3, a seal member 6 is arranged 
between the peripheral portions of the transparent 
electrodes 4 and 5, and a liquid crystal 7 is sealed 
in the space defined by the seal member 6. In this 

75 case, the upper and lower transparent electrodes 4 
and 5 are connected to a connecting terminal 8 
which is formed on the lower glass board 3 so as 
to laterally protrude from the upper glass board 2. 
Note , that the connecting terminals 8 are arranged 

20 at equal intervals so as to correspond to the upper 
and lower transparent electrodes in number, re- 
spectively. A film board 9 is designed such that 
finger leads 1 1 are formed on the lower surface of 
a carrier tape 10 by a TAB (Tape Automated Bond- 

25 ing) scheme, and an !C chip 12 is connected to the 
finger leads 11. More specifically, bumps 14 of the 
IC chip 12 are respectively bonded to the inner end 
portions of the finger leads 1 1 protruding into an 
opening of the earner tape 10. In this case, a 

30 heater chip (not shown) is heated at a high tem- 
perature of 300 to 400° C so as to bond the finger 
leads 11 to the bumps 14, respectively, by ther- 
mocompression bonding. After this operation, the 
bonding surface of the IC chip 12 is sealed by a 

35 resin 1 5. Note that each finger lead 1 1 is formed 
by etching a metal film, such as a copper film, 
laminated on the carrier tape 10. The outer end 
portion of each finger lead 11 constitutes a con- 
necting terminal 16. Connection terminals 16 are 

40 arranged at equal intervals so as to correspond to 
the connecting terminals 8 of the liquid crystal 
display panel 1 in number. 

The connecting terminals 8 of the liquid crystal 
display panel 1 and the connecting terminals 16 of 

45 the film board 9 are connected each other by using 
a conductive bonding agent 17. More specifically, 
as shown in Figs. 1 and 2, the conductive bonding 
agent 17 is designed such that fine connecting 
particles 21 are formed by forming conductive films 

50 19 on the surfaces of fine resin particles 18 and 
covering the outer surfaces of the conductive films 
19 with resin layers 20 for electrically insulating 
them, and the fine connecting particles 21 are 
mixed in an insulating adhesive 22 so as to be in 

55 contact with each other; Jn this case, each fine 
resin particle 18 is made of an acrylic resin or the 
like. Each conductive film 19 is obtained by for- 
ming a metal film, such as gold, silver, copper, 
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nickel, or aluminum by electro-plating or vapor 
deposition. Each resin layer 20 serves to elec- 
trically insulate the outer surface of a correspond- 
ing conductive film 19, and is formed by causing 
particles of an insulating micro-powder having. a 
low melting point (about 100 to 200 * C) to adhere 
to the surface of the conductive film 19 with an 
electrostatic effect, i.e., Coulomb force. Note a 
micro-powder is far finer than the fine resin particle 
18. The fine connecting particle 21 obtained by 
covering the conductive film 19 of such a fine resin 
particle 18 with the resin layer 20 can be formed to 
have a diameter of about 10 um, while a micro- 
powder is to have a diameter of 1 to 2 um. The 
insulating adhesive 22 is preferably constituted by 
a hot-meit type adhesive consisting of a thermo- 
plastic resin which melts at 100 to 200° C. How- 
ever, the insulating adhesive 22 is not limited to 
this but may be constituted by a thermo-setting 
resin. 

Fig. 2 shows a state wherein the connecting 
terminals 8 and 16 are connected using the con- 
ductive bonding agent 17. The conductive bonding 
agent 17 is arranged between the connecting ter- 
minals 8 of the glass board 3 of the liquid crystal 
display panel 1 and the connecting terminals 16 of 
the film board 9, and is subjected to thermocom- 
pression bonding . by means of a heater chip (not 
shown). As a result, the glass board 3 and the film 
board 9 are bonded together with the insulating 
adhesive 22. At the same time, the opposite con- 
necting terminals 8 and 16 are electrically con- 
nected with the fine connecting particles 21. More 
specifically, the fine connecting particles 21 located 
between the connecting terminals 8 and 16 are 
clamped therebetween and heated. As a result, 
portions in the direction of thickness of the resin 
layers with which the connecting terminals 8 and 
16 brought into contact melt and flow, and the 
conductive films 19 respectively formed on the 
surfaces of the fine resin particles 18 are exposed 
and brought into contact with the connecting termi- 
nals 8 and 16 so as to be conductive thereto. 
However, since portions in the planar direction of 
the resin layers 20 with which the connecting termi- 
nals 8 and 16 are not brought into contact are 
subjected to a small pressure compared with the 
pressure in the direction of thickness, they remain 
as they are. Note that since the fine connecting 
particles 21 arranged between the adjacent con- 
necting terminals 8 or 16 are not clamped by the 
connecting terminals 8 and 16, their resin layer 20 
remain unchanged. Therefore, the conductive films 
19 respectively, formed on the fine resin particles 
18 are not rendered conductive in the direction in 
which the connecting terminals 8 and 16 are ar- 
ranged, but are brought into contact with only the 
opposite connecting terminals 8 and 16 so as to be 
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rendered conductive. As a result, the adjacent con- 
necting terminals 8 and 16 are not rendered elec- 
trically conductive each other, but only the op- 
posite connecting terminals 8 and 16 are reliably 

5 connected together. In this case, even if the pitch 
of the connecting terminals 8 (16) is smaller than 
the size of the fine connecting particle 21. the 
respective connecting terminals 8 (1 6) are not ren- 
dered conductive to the adjacent terminals 8 (16), 

10 but only the connecting terminals 8 can be con- 
nected to the connecting terminals 16 (8) respec- 
tively faced terminals 8 (16). This will be described 
below. 

Fig. 3 shows a relationship in conduction be- 

15 tween connecting terminals 23 and the fine con- 
necting particles 21, in which the pitch of the. 
connecting terminals 23 is smaller than the size of 
each fine connecting particle 21. Referring to Fig. 
3, circles 24a to 24d indicated by dotted lines at 

20 the centers of the respective fine connecting par- 
ticles 21 correspond to portions of the resin layers 
20 to be melted by thermocompression bonding. 
Hence, these regions are brought into contact with 
the connecting terminals 23. The connecting termi- 

25 nals 23 indicated by alternate long and short 
dashed lines correspond to the connecting termi- 
nals 8 and 16 in Rg. 2. In this case, the width of 
each connecting terminal 23 is set to be about 1/2 
the outer diameter of the conductive film 19 formed 

30 on the surface of each fine resin particle 18. The 
pitch of the connecting terminals 23 is set to be 
substantially equal to the outer diameter of each 
conductive film 19, and the length of each 
connecting terminal 23 is set to be about twice that 

35 of each fine connecting particle 21. In addition, the 
fine, connecting particles 21 are arranged such that 
the adjacent particles are in contact with each other 
without a gap. The fine connecting particles 21 are 
arranged in the same manner in the longitudinal 

40 direction of the connecting terminal 23 as well as in 
the pitch direction. The conductive film 19 of the 
fine resin particle 18 located at the lower left side 
in Fig. 3 is in contact with the connecting terminal 
23 at a. hatched portion indicated in the contact 

45 region 24a. The contact region 24b of the conduc- 
tive film 19 on the right side of the region 24a does 
not overlap the connecting terminal 23 on the right 
side of the region 24a, and hence is not brought 
into contact therewith. However, parts of the con - 

50 tact regions 24c and 24d of the conductive films 19 
of the fine resin particles 18. located before , and 
behind the fine connecting particle located at the 
lower left side in Rg. 3 and the particle 21 on the 
right side thereof are brought into contact with the 

55 front and rear portions of the connection terminal 
23 on the right side of the region 24a, as indicated 
by hatched lines. This is because the fine connect- 
ing particles 21 are arranged in contact with each 

5 
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other, and the conductive films 19 of the fine resin 
particles 18 located before and behind the regions 
24a and 24b are placed between the conductive 
film 19. of the fine resin particle 18 on the lower left 
side in Fig. 3 and the conductive film 19 of the fine 
resin particle 18 on the right side thereof. 

As described above, even if the width and the 
pitch of the connecting terminals 23 are set to be 
smaller than the size of the fine connecting particle 
21, only the opposite connecting terminals 23 can 
be connected with rendering the adjacent terminals 
23 insulating each other. In practice, since the 
connecting terminal 23 is far longer than the fine 
connecting particle 21 . a large number of fine con- 
necting particles 21 are arranged in the longitudinal 
direction of the connecting terminal 23. Therefore, 
the above-described connection can be further en- 
sured. Even if, for example, the length of each 
connecting terminal 23 is set to be 1 mm, fine 
connecting particles 21 each having a diameter of 
about 10 urn can be arranged in the longitudinal 
direction in about 100 rows. In addition, the fine 
connecting particles 21 arranged in 100 rows are 
slightly offset from each other in the pitch direction. 
Therefore, this bonding agent can be theoretically, 
applied to connecting terminals arranged at a pitch 
smaller than the diameter of each fine connecting 
particle 21 . 

Figs. 4 to 7 show the processes of forming the 
above-described conductive bonding agent 17 on 
each connecting terminal 16 of the film board 9 
and connecting the film board 9 to the liquid crystal 
display panel 1. As shown in Fig. 4, a transfer 
sheet 25 which is wound in the form a roll is 
extracted, and the conductive bonding agent 17 is 
applied in each predetermined portion of the lower 
surface of the sheet 25. The transfer sheet 25, as 
shown in Fig. 7, is prepared by forming peel layer 
27 on the lower surface of a flexi-ble tape-like base 
sheet 26. The conductive bonding agent 17 is 
formed on the peel layer 27. This conductive bond- 
ing agent 17 is prepared by dispersing the fine 
connecting particles 21 in the insulating adhesive 
22 with the particles 21 being two-dimensionally 
arranged in contact with each other as described 
above. The conductive bonding agent 17 is coated 
on the peel layer 27 by means of printing, such as 
screen printing, and is dried to be hardened. 

Each conductive bonding agent 17 of the trans- 
fer sheet 25 is positioned to correspond to the 
connecting terminal 16 of the film board 9. In this 
case, since the transfer sheet 25 is flexible, even if 
the IC chip 12 is connected to the film board 9 in 
advance, each conductive bonding agent 17 can be 
easily positioned to the connecting terminal 16 of 
the film board 9. 

When thermocompression bonding is per- 
formed by bringing a heater chip 28 into contact 



with the upper surface of the transfer sheet 25 
shown in Fig. 5, the conductive bonding agent 17 
is thermally transferred onto the connecting termi- 
nal 16 of the film board 9 with the heat generated 
5 by the heater chip 28. In this case, thermocom- 
pression bonding is performed at a temperature 
lower than the temperature of bonding of the IC 
chip 12 described above. When the conductive 
bonding agent 17 is transferred onto the film board 

io 9, the conductive bonding agent 17 is peeled off 
from the peel layer 27 of the transfer sheet 25, as 
shown in Fig. 6, thereby transferring only the con- 
ductive bonding agent 17 onto the connecting ter- 
minal 16 of the film board 9. 

75 In the above-described embodiment, the con- 

ductive bonding agent 17 on the transfer sheet 25 
is formed beforehand into a shape to be trans- 
ferred, and is transferred onto the film board 9 by 
thermocompression bonding. However, if the ther- 

20 mocompression bonding surface of the heater chip 
28 is formed into the shape to be transferred, the 
conductive bonding agent 17 may be coated on the 
entire surface of the transfer sheet 25, and ther- 
mocompression bonding of the heater chip 28 is 

25 performed to melt only a portion of the conductive 
bonding agent 17 corresponding to the thermocom- 
pression bonding surface of the heater chip 28 and 
transfer it onto the film board 9. 

Subsequently, as shown in Fig. 1, the film 

30 board 9 is reversed, and each connecting terminal 
16 is positioned to correspond to a connecting 
terminal 8 of the liquid crystal display panel 1 
through the conductive bonding agent 17. When 
thermocompression bonding performied in this 

35 state, the film board 9 and the liquid crystal display 
panel 1 are bonded together, besides the connect- 
ing terminals 8 are electrically connected to the 
terminals 16 respectively faced to the terminals 8, 
through the conductive films 19 of the fine connect- 

40 ing particles 21 . 

In such a connecting structure of the liquid 
crystal display panel 1 and the film board 9, there- 
fore, bonding can be easily performed by simply 
arranging the conductive bonding agent i7 be- 

45 tween the connecting terminals 8 and 16 respec- 
tively faced each other and performing thermocom- 
pression bonding by using a heater chip or the like. 
. In this case, even if the number of connecting 
terminals 8 and 16 in an area is Increased to get a 

so finer pitch, only the opposite connecting terminals 
can be reliably connected to with rendering the 
adjacent connecting terminals insulating each oth- 
er. 

Fig. 8 shows a case wherein the conductive 
55 connecting structure of the present invention is 
applied to the connection of one of opposite trans- 
parent electrodes 4 and 5 of a liquid crystal display 
panel 29 to connecting terminals 8 by using the 
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above-described bonding agent 17. Similar to the 
above-described embodiment, in this liquid crystal 
display panel 29, a liquid crystal 7 is sealed by a 
seal member (not shown) between a pair of glass 
boards 2 and 3 with the transparent electrodes 4 
and 5 arranged on their opposite surfaces. Part of 
the seal member is constituted by the conductive 
bonding agent 17. More specifically, when the con- 
ductive bonding agent 17 is arranged between the 
glass boards 2 and 3. and is subjected to ther- 
mocompression bonding, the upper and lower 
glass boards 2 and 3 are bonded together with the 
insulating adhesive 22, as described above. At the 
same time, fine connecting particles 21 reliably 
connect the upper transparent electrodes 4 to the 
connecting terminals of the lower glass board 3, 
while preventing conduction between the adjacent 
connecting terminals 8. Note that such a liquid 
crystal display panel 29 can also be bonded to the 
film board 9 with the conductive bonding agent 17 
in the same manner as the liquid crystal display 
panel 1 shown in Fig. 1. 

. Fig. 9 shows the first modification of the con- 
ductive bonding agent. A conductive bonding agent 
30 is prepared by mixing fine connecting particles 
21 in an insulating adhesive 22 so as to be stacked 
in the direction of thickness. When this conductive 
bonding agent 30 is applied between boards 31 
and 32, the fine connecting particles 21 are 
stacked in the direction of thickness, while the 
insulating adhesive 22 is filled in gaps between the 
particles 21. With this structure, when the upper 
and lower boards 31 and 32 are subjected to 
thermocompression bonding the boards 31 and 32 
are bonded together with the insulating adhesive 
22, while connecting terminals 33 and 34 respec- 
tively arranged to oppose the upper and lower 
boards 31 and 32 are electrically connected each 
other upon conduction between the fine connecting 
particles 21 arranged therebetween in the direction 
of thickness. More specifically, since the upper and 
lower portions of the fine connecting particles 21 
arranged between the opposite connecting termi- 
nals 33 and 34 in the direction of thickness are 
pressed upon thermocompression bonding, resin 
layers 20 of these portions are broken, and con- 
ductive films 19 of upper and lower fine resin 
particles 18 are rendered conductive to each other. 
However, since resin layers 20 of the fine connect- 
ing particles 21 adjoining each other in the planar 
direction are not broken and remain as they are, 
conductive films 19 of fine resin particles 18 adjoin- 
ing each other in the . planar direction are not ren- 
dered conductive to each other. As a result, of the 
connecting terminals 33 and 34, only the opposite 
connecting terminals 33 and 34 are reliably con- 
nected with rendering the adjacent connecting ter- 
minals 33 and 34 insulating each other. 



Figs. 10A to 10C show the first modification of 
the conductive bonding agent 1 7. 

As the above described resin layer 20 is com- 
posed of a number of micro-powder particles which 
5 are respectively coupled to the conductive film 
covered with the fine resin particles 18 only by 
Coulomb force, a partial or entire separation of the 
resin layer 20 is liable to occur during a mixture 
stage with the insulating adhesive 22. A method for 
10 improving this failure is as follows. 

Fine connecting particles 21 are put into a 
crusher such as a ball melt, after micro-powder 
particles were coupled to the respective conductive 
film 19, as shown Fig. 10A. 
75 As shown in Fig. 10B, all the micro-powder 

particles belonging to the same fine connecting 
particle 21 are physically connected to each other, 
being subjected to impact and pressure in the 
crusher. 

20 Then, fine connecting partictes 21 are dispers- 

ing into the insulating adhesive 22, as shown in 
Fig. 10C. 

Fig. 11 shows the second modification of the 
conductive bonding agent. A conductive bonding 

25 . agent 35 is prepared in such a manner that fine 
connecting particles 37 are formed by coating low- 
melting insulating resin layers 36 on the outer 
surfaces of conductive films 19 of fine resin par- 
ticles 18 so as to form thin films, and the fine 

30 connecting particles 37 are mixed in an insulating 
resin 22 in contact with each other. Similarly, in this 
conductive bonding agent 35, the resin layers 36 in 
the direction of thickness are broken upon ther- 
mocompression bonding to expose the conductive 

35 films 19 of the fine resin particles 18, whereas the 
resin layers 36 in the planar direction perpendicular 
to the direction of thickness are not broken. Hence, 
the same effects as that of those above-described 
conductive bonding agent can be obtained. 

40 Materials other than a synthetic resin may be 

used for fine connecting particles. Fig. 12 shows 
fine connecting particles 21 according to another 
embodiment of the present invention. In this em- 
bodiment, an inorganic material such as silicon 

45 oxide (SiOa) or titanium oxide (Ti02) is used for a 
fine particle 18'. Since the inorganic material is not 
deformed upon thermocompression bonding, a res- 
in layer 20 adhering to the surface of the fine 
particle 18' can be reliably broken. In addition, the 

so particle 18' consisting of such an inorganic material 
serves to maintain the distances between the con- 
necting terminals 8 and 16 constant. However, 
since the fine particle 18' has no springback, unlike 
the fine resin particle 18, differences in thermal 

55 expansions between the connecting terminals 8 
and. 16 are less absorbed. In addition, if the con- 
ductive bonding agent containing the fine particles 
18' is applied to an electronic part in which a 



BNSDOCID: <EP 0413161A1J_> 



13 



EP 0 413 161 A1 



14 



semiconductor element layer is formed under a 
very thin connecting terminal such as a connecting 
terminal of a solar cell, the semiconductor element 
layer may be broken. Therefore, whether to use the 
fine resin particles 18 or the inorganic fine particles 
18 . should be determined after the respective char- 
acteristics are carefully considered. 

Since members used for the bonding agents 
shown in Fig. 12 is the same as those in Fig. 2 
except for the above-described members, the 
same reference numerals in Fig. 12 denote the 
same parts as in Fig. 2, and a description thereof is 
omitted. 

Note that the ratio of fine connecting particles 
to be mixed in an insulating adhesive need not be 
set to such a degree that adjacent fine connecting 
particles are brought into contact with each other. 
In a conventional anisotropic conductive adhesive, 
the mixing ratio of conductive particles is set to be 
about 15 wt% when only metal particles are used, 
and is set to be about 2 wt% when metal layers 
are formed on resin particles. 

The present invention is characterized in that 
the mixing ratio of fine connecting particles can be 
set to be much larger than that of the above- 
described conductive particles. The upper limit of 
this mixing ratio is not specified as long as bonding 
strength is ensured. 

In addition, the present invention is character- 
ized in that the conductive bonding agent can be 
suitably used even if the mixing ratio of fine con- 
necting particles is set to be equal to that of fine 
conductive particles in the conventional anisotropic 
conductive adhesive. That is, the greatest advanr 
tage of the present invention is that an optimal 
connecting structure can be obtained in accor- 
dance with the pitch of connecting terminals of an 
electronic part to be connected, the surface treat- 
ment of a connecting portion, the weight of the 
electronic part, and a mounting structure. 

As has been described above, the conductive 
connecting structure of the present invention can 
be applied when the pitch of connecting terminals 
is far smaller than that in the conventional connect- 
ing structure. In addition, since each fine connect- 
ing particle is not insulated by an insulating adhe- 
sive but has its own insulating layer, short circuit of 
connecting terminals can be reliably prevented. 

Moreover, since low-temperature bonding can 
be performed, the conductive connecting structure 
of the present invention can be applied to connect- 
ing terminals or insulating boards consisting of 
inexpensive materials. In spite of a small pitch of 
connecting terminals, reliable connection cail be 
realized. 
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1 . A conductive connecting structure comprising: 
a first connecting terminal (8); 

a second connecting terminal (16) arranged to op- 
s pose said first connecting terminal (8); 

a plurality of fine connecting particles (21) inter- 
posed between said first and second connecting 
terminals, each of said fine connecting particles 
(21) including a fine insulative particle (18, 18') 
10 having an electric conductive film (19) on an outer 
surface . thereof , and an insulating layer (20) con- 
sisting of a material having a relatively low melting 
point and covering substantially the entire surface 
of said fine ipsulative particle (8, 8 ); and 
75 an insulating adhesive (22) filled in a gap between 
said first and second connecting terminals (8, 16), 
wherein 

only portions of said insulating layer (20) covering 
the surface of each fine insulative particle (18, 18 ) 

20 which oppose said first and second connecting 
terminals (8, 16) are broken, and said first and 
second connecting terminals (8, 16) are electrically 
connected to each other through said fine connect- 
ing particles (21) exposed from the broken por- 

25 tions. 

2. A structure according to claim 1, characterized 
in that said insulating layer (20) consists of a large 
number of micro-powder particles each of which is 
smaller than said fine insulative particle (18). 

30 3. A structure according to claim 2, characterized 
in that said fine insulative particle (18, 18') and said 
large number of micro-powder particles are coup- 
led to each other by Coulomb force. 

4. A structure according to claim 2, characterized 
35 in that said micro-powder particles are physically 

coupled to one another. 

5. A structure according to claim 1, characterized 
in that said fine connecting particle (21) comprises 
a fine insulative particle (18) consisting of an or- 

40 ganic material, and a conductive film (19) covering 
a surface of said fine insulative particle (18). 

6. A structure according to claim 1, characterized 
in that said fine connecting particle comprises a 
fine insulative particle (18') consisting of an in- 

45 organic material, and a conductive film covering a. 
surface of said fine insulative particle (18 ). 

7. A structure according to claim 1, characterized 
in that said fine connecting particles (21) are ar- 
ranged at intervals at which adjacent fine connect- 
so ing particles (21) are substantially in contact with 

each other. 

8. A conductive bonding agent comprising: 
an insulating adhesive (22); and 

a large number of fine connecting particles (21) 
55 dispersed in said insulating adhesive (22) each of 
said fine connecting particles (21) including a fine 
insulative particle (18, 18') having an electric con- 
ductive film (19) on an outer surface thereof, and 

8 
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an insulating layer (20) consisting of a material 
which is partially broken upon thermocompression 
bonding and covering substantially the entire outer 
surface of said electric conductive film (19). 

9. A conductive bonding agent according to claim 5 

8, characterized in that said insulating layer (20) 
consists of a large number of micro-powder par- 
ticles each of which is smaller than said insulative 
fine particle (18, 18'). 

10. A conductive bonding agent according to claim 10 

9, characterized in that said micro-powder particles 
are physically coupled to one another. 

11. A conductive bonding agent according to claim 
8, characterized in that said fine connecting particle 
(21) comprises a fine insulative particle (18) con- 75 
sisting of an organic material, and a conductive film 

(19) covering a surface of said fine insulative par- 
ticle (18). 

12. A conductive bonding agent according to claim 

8, characterized in that said fine connecting particle 20 
(21) comprises a fine insulative particle (18) con- 
sisting of an in organic material, and a conductive 
film (19) covering a surface of said fine insulative 
particle (18), 

13. A conductive bonding agent according to claim 25 
8i characterized in that said fine connecting par- 
ticles (21) are arranged at intervals at which adja- 
cent fine connecting particles are substantially in 
contact with each other. 

14. A conductive connecting method comprising 30 
the steps of: 

providing a first connecting terminal (8); 
arranging a second connecting terminal so as to 
oppose said first connecting terminal (16); 
providing a conductive bonding agent (1 7) between 35 
said first and second connecting terminals (8, 16), 
said conductive bonding agent (17) being obtained 
by mixing a plurality of fine connecting particles 
(21) in an insulating adhesive (22), each of said fine 
connecting particles (21) including a fine insulative 40 
particles (18, 18) having an electric conductive film 
(19) on an outer surface thereof, and an insulating 
layer (20) covering substantially the entire outer 
surface of said electric conductive film (19); and 
bonding said conductive bonding agent (17) be- 45 
tween said first and second connecting terminals 
(8, 16) with heat and pressure, 
thereby only portions of said insulating layer (20) 
covering the surface of each fine insulative particle 
(18, 18) which oppose said first and second con- 50 
necting terminals (8, 16) are broken, and said first 
and second connecting terminals (8, 16) are elec- 
trically connected together through said fine con- 
necting particle (21) exposed from the broken por- 
tions. 55 

15. A conductive connecting method comprising 
the steps of: 

forming a plurality of connecting leads (16) on a 



film carrier (10); 

bonding an IC chip (12) to one end of each of said 
connecting leads (16); 

forming a bonding agent (17) on a transfer sheet 
(25), said bonding agent (17) being prepared by 
mixing a plurality of fine electric connecting par- 
ticles (21) in an insulating adhesive (22); 
transferring said bonding agent (17) on the~ other 
end of each of said connecting leads (16); 
providing an electronic part (3) having connecting 
terminals (6) each of which is connected to the 
other end of a corresponding one of said connect- 
ing leads (16); and 

thermocompression-bonding each of said connect- 
ing terminals (6) of said electronic part (3) to the 
other end of a corresponding one of said connect- 
ing leads (16) of said film carrier (10). 
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